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(3) Semiconductor device. 



(57) A semiconductor device including an NMOS 
transistor includes a first bias generating circuit 

30 for generating a substrate bias VBB1 for 
making smaller the amount of leak current in an 
inactive state, a second bias generating circuit 

31 for generating a substrate bias VBB2 for 
increasing drivability of supplying current in the 
active state of the NMOS transistor, and a bias 
selecting circuit 32 responsive to a control sig- 
nal CNT for supplying the substrate bias VBB2 
instead of the substrate bias VBB1 to the silicon 
substrate 1. By changing the potential of the 
substrate bias in the standby state and the 
active state, power consumption in the standby 
state can be reduced and the speed of oper- 
ation in the active state can be improved. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconductor 
device including a MOS (Metal Oxide Semiconductor) 
field effect transistor (hereinafter referred to as 
"MOSFET") formed on a semiconductor substrate 
and, more particularly, to an improvement in supply- 
ing a substrate bias voltage. 

Description of the Background Art 

Generally, a semiconductor device such as a dy- 
namic random access memory and a static random 
access memory is constituted by a number of MOS 
transistors formed on one semiconductor substrate. 
Normally, the potential of the semiconductor sub- 
strate is constantly maintained in a predetermined 
range in such a semiconductor device. 

Fig. 20 is a schematic block diagram of such a 
semiconductor device. Referring to Fig. 20, the sem- 
iconductor device 100 includes functional circuit (or 
internal circuit) 110 and a substrate bias generating 
circuit 120 formed on a single semiconductor sub- 
strate. The functional circuit 110 is constituted by a 
number of MOS transistors for implementing func- 
tions necessary for the semiconductor device 100. 
The substrate bias generating circuit 120 is also con- 
stituted by MOS transistors and it generates a sub- 
strate bias voltage V BB for maintaining the semicon- 
ductor substrate 1 at a predetermined negative poten- 
tial. 

Fig. 21 is a cross sectional view showing a portion 
of a cross sectional structure of a general integrated 
circuit device. The functional circuit 110 shown in Fig. 
20 includes the sectional structure shown in Fig. 21. 
Fig. 21 shows, as an example, an NMOS transistor 
and interconnections provided in the periphery there- 
of. Referring to Fig. 21, the NMOS transistor includes 
N type impurity regions 2 and 3 serving as source and 
drain formed near the main surface of the semicon- 
ductor substrate 1 and a gate electrode 5. A gate di- 
electric thin film 4 is formed between the gate elec- 
trode 5 and the substrate 1. P type impurities of low 
concentration (for example 10 16 to 10 17 /cm 3 ) are intro- 
duced to the silicon substrate 1 below the gate elec- 
trode 5. N type impurities of high concentration (for 
example, 10 19 to lO^/cm 3 ) are introduced to the 
source region 2 and the drain region 3. Interconnec- 
tion layers 22 and 23 having low resistance are con- 
nected through contact holes formed in an interlayer 
insulating film 24 to the gate electrode 5, the source 
region 2 and to the drain region 3. 

In the MOS transistor formed as described 
above, when a positive voltage is applied to the gate 
electrode 5, N type carriers (electrons) are induced at 
an upper layer portion of the silicon substrate 1 of P 



region. More specifically, the surface of the sflicon 
substrate 1 is inverted to N type, so that the surface 
of the silicon substrate 1 has the same type of con- 
ductivity as that of the source region 2 and the drain 

5 region 3. Thus it becomes possible for a current to 
flow between the drain region and source region. The 
concentration of the N type carriers induced on the 
surface of the silicon substrate 1 changes dependent 
on the voltage applied to the gate electrode 5, and 

w therefore the amount of current flowing between the 
source region 2 and the drain region 3 can be control- 
led by the gate voltage. 

In operation, when the NMOS transistor is ren- 
dered conductive, hot electrons and holes which con- 

15 stitute pairs are generated near the drain region 3. 
Most of the generated hot electrons flow to the drain 
region 3. Meanwhile, most of the generated holes 
flow to the silicon substrate 1. Thus the potential of 
the silicon substrate 1 rises. The rise of the potential 

20 of the silicon substrate 1 causes the following prob- 
lem. 

Since PN junctions are formed between the P 
type silicon substrate 1 and the source region 2 and 
between the substrate 1 and the drain region 3, the 

25 PN junctions are broug ht to t he forward bias state. Ac- 
cordingly, leak current flows between the silicon sub- 
strate 1 and the source region 2 and the drain region 
3. Consequently, there is a possibility that the chan- 
nel is not formed between the source region 2 and the 

30 drain region 3, or that the signal to be transmitted is 
delayed. 

In order to prevent the above problem, the sub- 
strate bias generating circuit 120 for keeping the po- 
tential V BB of the substrate 1 at about -1 V, for exam- 

35 pie, is provided. 

The conventional operation for supplying sub- 
strate bias will be described with reference to Fig. 22. 
Fig. 22 shows the threshold voltages and the drivabil- 
ity of supplying current when the substrate bias po- 

40 tential is set at -1 V. Referring to Fig. 22, the solid lines 
represent the threshold voltage and the drivability of 
supplying current when the substrate bias potential is 
at -1 V. In the figure, (a) represents the substrate bias 
potential, (b) represents the threshold voltages of the 

45 NMOS transistor and (c) represents the drivability of 
supplying current of the NMOS transistor. 

A constant substrate bias is applied (in Fig. 22, - 
1 V) to the silicon substrate 1 no matter whether it is 
in an active state or in a standby state. The threshold 

so voltage changes in the negative direction when the 
substrate bias changes in the positive direction. By 
the change of the threshold voltage, the drivability of 
supplying current also changes. In the NMOS transis- 
tor, when the threshold voltage changes in the nega- 

55 tive direction, the drivability of supplying current in- 
creases, while in a PMOS transistor, when the thresh- 
old voltage changes in the positive direction, the driv- 
ability of supplying current increases. However, in the 
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conventional method of supplying the substrate bias, 
a constant substrate bias is applied, and therefore the 
threshold voltage and the current supplying drivabO- 
ity do not change as shown in Fig. 22. 

Since the conventional semiconductor device is 5 
structured as described above, when the threshold 
voltage is set to minimize the leak current in the 
standby state, the drivabilrty of supplying current at 
the active state becomes small, which prevents high 
speed operation. w 

Conversely, if the drivability of supplying current 
is increased and the threshold value is lowered in or- 
der to operate the NMOS transistor at high speed, the 
leak current in the standby state increases. 

Now, Japanese Patent Laying-Open No. 3-291 83 15 
discloses a semiconductor memory device in which 
substrate potential is switched between an active 
state and a standby state and in which a deeper sub- 
strate bias voltage is applied at the standby state than 
at the active state. 20 

Fig. 23 is a block diagram showing the device for 
switching the substrate bias disclosed in the afore- 
mentioned article. Referring to Fig. 23, this device in- 
cludes an identifying circuit 101 for identifying the ac- 
tive mode and the standby mode; a substrate poten- 25 
tial generating circuit 102 having large current driv- 
ability for generating a second substrate potential at 
the active state; a substrate potential generating cir- 
cuit 103 having smaller current drivability for gener- 
ating a first substrate potential causing deeper re- 30 
verse bias than the second substrate potential at the 
standby state; a comparing circuit 104 for comparing 
the substrate potential and a reference potential cor- 
responding to the second substrate potential; a com- 
paring circuit 105 for comparing the substrate poten- 35 
tial with a reference potential corresponding to the 
first substrate potential; and a control portion 106 for 
selecting one of the substrate potential generating cir- 
cuits 1 02 and 1 03 in response to an output signal from 
the identifying circuit 101 and maintaining constant 40 
the substrate potential generated by the selected 
substrate potential generating circuit in response to 
output signals from the comparing circuits 104 and 
105. 

The current drivability of the substrate potential 45 
generating circuit 102 is smaller than that of the cir- 
cuit 103, since, at the standby state, the first sub- 
strate potential is generated only to prevent dissipa- 
tion of the data stored in the memory cell. However, 
since the current drivability is small, there is a possi- so 
bHity that the PN junction is set to the forward biased 
state by the external noise. In order to prevent the for- 
ward biased state, the first substrate potential is set 
to a potential providing deep reverse bias. 

In this prior art, the second substrate potential is 55 
made to provide shallower bias than the first sub- 
strate potential, since at the active state, there is an 
internal signal (for example, word lines of the mem- 



ory) which is raised to be higher than the supply vol- 
tage and when the same reverse bias as the first sub- 
strate potential is applied, there is a possibility that 
the breakdown voltage of the PN junction is exceed- 
ed. 

In operation, when a signal designating the active 
mode is input externally, identifying circuit 101 recog- 
nizes that it is the active mode, and let control portion 
106 control in a manner corresponding to the active 
mode. Control portion 106 controls the substrate po- 
tential generating circuit 1 02 in response to the output 
from comparing circuit 104 and maintains the voltage 
of the substrate at the second substrate potential. 

Meanwhile, when a signal designating the stand- 
by mode is input externally, identifying circuit 101 rec- 
ognizes that it is the standby mode, and let the control 
portion 106 control in the manner corresponding to 
the standby mode. Control portion 206 controls sub- 
strate potential generating circuit 103 in response to 
the output from comparing circuit 105 and maintains 
the substrate potential at the first substrate potential. 
By doing so, the reverse bias at the standby state can 
be made deeper than the reverse bias at the active 
state, and therefore dissipation of data stored in the 
memory ceil in the standby state can be prevented. 

Fig. 24 is a graph showing an example of the re- 
lation between the supply voltage Vcc and the first 
and second substrate potentials b and a generated by 
the device shown in Fig. 23. As is apparent from Fig. 
24, when the supply voltage Vcc is at 5 V, the first sub- 
strate potential b is - 4V and the second substrate po- 
tential a is -3V. The voltage (-3V) of the second sub- 
strate potential is similar to the substrate potential of 
the conventional general semiconductor device, and 
it is determined based on the relation with respect to 
the impurity concentration doped in the substrate. 

Therefore, the speed of operation of the semi- 
conductor device is approximately the same as that 
in the conventional general semiconductor device, 
and therefore, the speed of operation of the transistor 
can not be expected to be faster in the active state. 

In order to increase the speed of operation of the 
semiconductor memory device, it is necessary to de- 
termine the voltage of the substrate potential taking 
into consideration the current drivability and the 
threshold voltage of the MOS transistor internally pro- 
vided. Further, it is necessary to determine the first 
substrate potential taking into consideration the rela- 
tion between the threshold voltage and the current 
drivability. 

The prior art shown in Fig. 23 is silent about these 
relations. 

SUMMARY OF THE INVENTION 

The present invention was made to solve the 
above described problem and its object is to provide 
a semiconductor device in which current consumption 
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in the standby state can be made smaller and the 
speed of operation in the active state can be in- 
creased. 

Briefly stated, the semiconductor device of the 
present invention includes a semiconductor sub- 
strate, an MOS transistor, and a substrate bias poten- 
tial generator. The MOS transistor on the substrate 
operates selectively in active and standby states. The 
substrate bias potential generator is responsive to a 
control signal designating operation of the transistor 
(1) in the standby state to apply to the substrate a bias 
potential of a magnitude selected to minimize leak 
current of the transistor and (2) in the active state, to 
apply to the substrate a bias potential of a magnitude 
selected to maximize drivability of the transistor. 

In operation, in the standby state, by applying a 
bias potential having the magnitude selected to min- 
imize the leak current of the transistor, the PN junc- 
tion is set to a deep reverse bias, and the threshold 
voltage of the transistor can be enlarged. Therefore, 
leak current can be reduced. Meanwhile, in the active 
state, by applying a bias voltage having the magni- 
tude selected to maximize the current drivability of 
the transistor to the substrate, the threshold voltage 
of the transistor is reduced, and the resistance at the 
state transition of the transistor can be reduced. 
Therefore, the speed of operation of the transistor 
can be improved. 

According to another aspect, the semiconductor 
device of the present invention includes a semicon- 
ductor substrate, an MOS transistor and a substrate 
bias potential generator. The MOS transistor on said 
substrate receives first and second operating poten- 
tials and operates selectively in active and standby 
states. The substrate bias potential generator is re- 
sponsive to a control signal designating operation of 
the transistor (1) in the standby state to apply to said 
substrate a bias potential (Vbb) of a magnitude select- 
ed to minimize leak current of the transistor, and (2) 
in the active state, to apply to said substrate the sec- 
ond operating potential. 

In operation, in the active state, by applying the 
second operating potential to the substrate, the driv- 
ability of the transistor can be increased, and there- 
fore the speed of operation of the transistor and 
hence of the semiconductor device can be improved. 

According to a further aspect, the semiconductor 
device of the present invention includes a semicon- 
ductor substrate, a MOS transistor and a substrate 
bias generator. 

The MOS transistor on the substrate receives 
first and second operating potentials and operates se- 
lectively in active and standby states. The substrate 
bias potential generator is responsive to a control sig- 
nal designating operation of the transistor (1) in the 
standby state to apply to said substrate a bias poten- 
tial (Vbb) of a magnitude selected to minimize power 
consumption defined by (a) power consumption of the 



substrate bias potential generator when the transistor 
is activated and in the standby state, and (b) power 
consumption as a result of leakage current of the tran- 
sistor, and (2) in the active state, to apply to said sub- 

5 strate the second operating potential. 

According to yet another aspect of the present in- 
vention, the semiconductor device includes a first 
bias voltage generating device, a second bias voltage 
generating device and a bias voltage supplying de- 

10 vice. The first bias voltage generating device gener- 
ates a first bias voltage for minimizing the magnitude 
of leak current in an inactive state of the MOS tran- 
sistor. The second bias voltage generating device 
generates a second bias voltage for maximizing the 

15 magnitude of supplying current in an active state of 
the MOS transistor by making shallower the bias than 
the first bias voltage. The bias voltage supplying de- 
vice supplies the second bias voltage in place of the 
first bias voltage semiconductor substrate in re- 

20 sponse to a signal for making active the MOS transis- 
tor. 

In operation, in the inactive state, the first bias 
voltage is supplied to the semiconductor substrate, 
and in the active state, the second bias voltage is sup- 

25 plied to the semiconductor substrate, and therefore 
the threshold voltage can be changed. More specifi- 
cally, by the first bias voltage, the MOS transistor can 
be biased deeply to increase the threshold voltage 
and to make smaller the leak current. Thus, power 

30 consumption can be reduced. By the second bias vol- 
tage, the MOS transistor can be biased shallower, the 
threshold voltage can be made smaller and the driv- 
ability of supplying current can be made larger. By 
making larger the drivability of supplying current, the 

35 resistance at state transition of the MOS transistor 
can be made small, which increases speed of opera- 
tion. 

According to anot her aspect of the present inven- 
tion, the semiconductor device includes a CMOS cir- 
40 cuit formed by a MOS transistor of a first conductivity 
type and a MOS transistor of a second conductivity 
type, first to fourth bias voltage generating devices 
and a bias voltage supplying device. 

First bias voltage generating device generates a 
45 first bias voltage for minimizing the magnitude of leak 
current in an inactive state of the MOS transistor of 
the first conductivity type. 

The third bias voltage generating device gener- 
ates a third bias voltage for minimizing the magnitude 
50 of leak current in the inactive state of the MOS tran- 
sistor of the second conductivity type. 

The second bias voltage generating device gen- 
erates a second bias voltage for maximizing the driv- 
ability of supplying current in an active state of the 
55 MOS transistor of the first conductivity type with the 
bias made shallower than the first bias voltage. 

The fourth bias voltage generating device gener- 
ates a fourth bias voltage for maximizing the drivabil- 
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ity of supplying current in the active state of the MOS 
transistor of the second conductivity type, with the 
bias made shallower than the third bias voltage. 

The bias voltage supplying device supplies in- 
stead of the first bias voltage, the second bias voltage 5 
to the well region of the MOSFET of the first conduc- 
tivity type and supplies, instead of the third bias vol- 
tage, the fourth bias voltage to the well region of the 
MOS transistor of the second conductivity type, in re- 
sponse to a signal for making active the CMOS circuit. w 

In operation, bias voltage for the inactive state 
and the bias voltage for the active state are generated 
for the MOS transistors of the first and second con- 
ductivity types constituting the CMOS circuit, and 
these bias voltages are supplied to the well regions is 
of the MOS transistors. Therefore, the magnitude of 
leak current in the standby state can be made smaller 
and the speed of operation in the active state can be 
increased in the CMOS circuit 

According to a further aspect of the present in- 20 
vention, the semiconductor device includes an buried 
insulator layer formed on the semiconductor sub- 
strate, a semiconductor layer formed on the buried in- 
sulator layer, and a MOS transistor formed on the 
semiconductor device. Further, it includes the first 25 
bias voltage generating device, the second bias vol- 
tage generating device and the bias voltage supplying 
device which are similar to those included in the sem- 
iconductor device according to the first aspect. 

According to this aspect, the invention according 30 
to the first aspect is applied to a so called SOI (Sili- 
con On- Insulator) structure including a semiconductor 
substrate / a buried insulator layer / a semiconductor 
layer. Therefore, the magnitude of leak current in the 
standby state can be made smaller and the speed of 35 
operation in the active state can be increased in the 
SOI structure. 

The semiconductor device according to a further 
aspect of the present invention includes a buried in- 
sulator layer formed on a semiconductor substrate, a 40 
semiconductor layer formed on the buried insulator 
layer, and a CMOS circuit including MOS transistors 
of the first and second conductivity types formed on 
the semiconductor layer. The semiconductor device 
further includes a first region, a second region, first 45 
to fourth bias voltage generating devices and a bias 
voltage supplying device. The first region is provided 
in the buried insulator layer below the MOS transistor 
of the first conductivity type. 

The second region is provided in the buried insu- so 
lator layer below the MOS transistor of the second 
conductivity type. 

The first bias voltage generating device gener- 
ates a first bias voltage for determining the magnitude 
of leak current in the inactive state of the MOS tran- 55 
sistor of the first conductivity type. 

The third bias voltage generating device gener- 
ates a third bias voltage for minimizing the magnitude 
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of leak current in the inactive state of the MOS tran- 
sistor of the second conductivity type. 

The second bias voltage generating device gen- 
erates a second bias voltage for maximizing the driv- 
ability of supplying current in the active state of the 
MOS transistor of the first conductivity type, with the 
bias made shallower than the first bias voltage. 

The fourth bias voltage generating device gener- 
ates a fourth bias voltage for maximizing the drivabil- 
ity of supplying current in the active state of the MOS 
transistor of the second conductivity type, with the 
bias made shallower than the third bias voltage. 

The bias voltage supplying device supplies, in- 
stead of the first bias voltage, the second bias voltage 
to the first region, and supplies, instead of the third 
bias voltage, the fourth bias voltage to the second re- 
gion, in response to a signal for making active the 
CMOS circuit. 

In this aspect of the present invention, first and 
second regions are formed in the buried insulator lay- 
er in accordance with the third aspect described 
above, and various voltages are supplied to the first 
and second regions. By supplying the first bias vol- 
tage to the first region and the third bias voltage to 
the second region, biases of the MOS transistors are 
made shallower, the magnitude of leak current in the 
standby state is reduced, and accordingly, power con- 
sumption can be reduced. By supplying the second 
bias voltage to the first region and fourth bias voltage 
to the second region, the biases of the MOS transis- 
tors are made shallower, and accordingly, the speed 
of operation in the active state can be increased. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing one embodi- 
ment of the semiconductor device in accordance with 
the present invention. 

Fig. 2 is a cross section of a portion of the semi- 
conductor device shown in Fig. 1. 

Fig. 3 is an illustration showing changes of the 
threshold voltage and the drivability of supplying cur- 
rent when the substrate bias is switched. 

Fig. 4A is a graph showing relation between sub- 
strate bias and power consumption. 

Fig. 4B shows a change in l D - V© characteristic 
incidental to the change in the substrate bias. 

Fig. 5A shows a change in l D - V 0 characteristic 
incidental to the change in the substrate bias. 

Fig. 5B shows improvement of the speed of op- 
eration with respect to the change in the substrate 
bias. 

Fig. 6 is a schematic diagram showing an exam- 
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pie of the first bias generating circuit shown in Fig. 1. 

Fig. 7A is a block diagram showing an example of 
the second bias generating circuit shown in Fig. 1. 

Fig. 7B is a block diagram showing another ex* 
ample of the second bias generating circuit shown in s 
Fig. 1. 

Fig. 8 is a schematic diagram showing an exam- 
ple of the bias selecting circuit shown in Fig. 1. 

Fig. 9 is a block diagram of a semiconductor de- 
vice in accordance with another embodiment of the to 
present invention. 

Fig. 10 is a cross section of a portion of the sem- 
iconductor device shown in Fig. 9. 

Fig. 11 is a plan view showing a portion of the 
semiconductor device shown in Fig. 9. 1 s 

Fig. 12 shows changes in the substrate bias, the 
threshold voltage and the drivability of supplying cur- 
rent when the semiconductor device of Fig. 9 is 
switched from the standby state to the active state. 

Fig. 1 3 is a schematic diagram showing an exam- 20 
pie of the bias selecting circuit shown in Fig. 9. 

Fig. 14 is a cross section showing a further em- 
bodiment of the semiconductor device in accordance 
with the present invention. 

Fig. 15 shows changes in the substrate bias, the 25 
threshold voltage and the drivability of supplying cur- 
rent when the semiconductor device of Fig. 14 is 
switched from the standby state to the active state. 

Fig. 1 6 is a cross sectional view showing a further 
embodiment of the semiconductor device in accor- 30 
dance with the present invention. 

Fig. 1 7 is a plan view of the semiconductor device 
shown in Fig. 16. 

Fig. 18 shows changes in the substrate bias, the 
threshold voltage and the drivability of supplying cur- 35 
rent when the device is switched from the standby 
state to the active state. 

Fig. 1 9 shows a step of forming the SOI structure 
shown in Fig. 16. 

Fig. 20 is a block diagram showing an example of 40 
a conventional semiconductor device. 

Fig. 21 is a cross section of a portion of the sem- 
iconductor device shown in Fig. 20. 

Fig. 22 is a diagram showing a method of supply- 
ing substrate bias in the semiconductor device shown 45 
in Fig. 20. 

Fig. 23 shows a conventional substrate bias 
switching device. 

Fig. 24 shows the substrate potential-supply vol- 
tage characteristic of the device shown in Fig. 23. so 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a block diagram showing one embodi- 55 
ment of the semiconductor device in accordance with 
the present invention. Referring to Fig. 1, the semi- 
conductor device 200 includes a functional circuit 110, 



a first bias generating circuit 30, a second bias gen- 
erating circuit 31 and a bias selecting circuit 32 
formed on a single silicon substrate 1. 

The functional circuit 110 is the same as that 
shown in Fig. 20. The first bias generating circuit 30 
generates a substrate bias VBB1 in the standby state. 
The substrate bias VBB1 is determined such that the 
threshold voltage Vth of the NMOS transistor is set to 
0.8V. The potential of the substrate bias VBB1 is re- 
lated with the drivability of supplying current (mutual 
conductance) of the NMOS transistor. When the gate 
width W is 10um and the gate length L is 1um, VBB1 
is about -3V. By supplying such deep reverse bias, 
leak current in the standby state can be minimized. 

The second bias generating circuit 31 generates 
a substrate bias VBB2 in the active state. The sub- 
strate bias VBB2 is determined based on the drivabil- 
ity of supplying current in the active state of the 
NMOS transistor. The drivability of supplying current 
becomes larger as the threshold voltage Vth be- 
comes smaller, and the drain currentf lows more easi- 
ly. In other words, by determining the threshold vol- 
tage Vth, the power supply voltage Vdd, the gate 
width and the gate length, the drivability of supplying 
current is also determined. In this embodiment, the 
substrate bias VBB2 is 0V and the threshold voltage 
Vth is 0.2V, and the current supplying drivability is in- 
creased by about 30% than the drivability in the 
standby state. 

The bias selecting circuit 32 is connected to the 
first and second bias generating circuits 30 and 31 
and it selects the substrate bias VBB2 generated by 
the second bias generating circuit 31 in response to 
a control signal CNT, and applies this to the silicon 
substrate 1. 

Fig. 2 is a cross section of a portion of the semi- 
conductor device shown in Fig. 1. The semiconductor 
device shown in Fig. 2 differs from the semiconductor 
device of Fig. 21 in that the substrate bias VBB1 or 
VBB2 is supplied to the rear surface of the silicon 
substrate 1. The substrate bias VBB1 is -3V, and the 
source region 2 and the drain region 3 of the silicon 
substrate 1 are deeply reverse- biased. 

Fig. 3 shows changes in the threshold voltage 
and the drivability of supplying current when the sub- 
strate bias is switched from VBB1 to VBB2. Fig. 4A is 
a graph showing the relation between the substrate 
bias and power consumption. Fig. 4B shows changes 
in the 1 D • V G characteristic incidental to the change 
of the substrate bias. Fig. 5A shows changes in the 
Id - V D characteristic incidental to the change of the 
substrate bias. 

Referring to Fig. 4A, the most appropriate voltage 
of the substrate potential VBB1 in an MOS transistor 
having the gate width W of 10uxn and the gate length 
L of 1um will be described. In the present invention, 
the substrate bias VBB1 is determined mainly based 
on the relation between the power consumption of 
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the first bias generating circuit 30 itself and the 
amount of leak current In Fig. 4A, the dotted line rep- 
resents power consumption when the substrate bias 
VBB1 generated by the first bias generating circuit 30 
is changed, and one-dotted line represents the mag- s 
nitude of leak current when the substrate bias VBB1 
is changed. The power consumption at the standby 
state corresponds to the sum (the solid line of Fig. 4A) 
of the power consumption by the first bias generating 
circuit 30 itself and the power consumption caused by io 
the leak current 

Therefore, the most suitable substrate bias is -3V 
at which the sum of the power consumption becomes 
minimum. 

Referring to Fig.4B f the solid line shows the l 0 - 15 
V G characteristic when the substrate bias is set to 
VBB1 (= - 3V), while the dotted line represents the l D 
- V G characteristic when the substrate bias is set to 
VBB2 (= 0V). Here, the threshold voltage Vth is de- 
fined by the gate voltage when a drain current of 1 O^A 20 
flows. Since the magnitude of leak current when the 
gate voltage V G at the standby state is set to 0V is set 
to be not higher than 10 14 A t the threshold voltage Vth 
when the substrate bias VBB1 (= -3V) is applied to the 
substrate becomes 0.8V. Therefore, the ratio of the 25 
threshold value Vth with respect to the supply voltage 
Vcc is increased, and the speed of operation is de- 
creased. Therefore, by setting the substrate bias 
VBB2 at 0V in the active state, the threshold voltage 
Vth is lowered to 0.2V so as to reduce the ratio of the 30 
threshold voltage Vth with respect to the supply vol- 
tage Vcc, and thus the speed of operation can be im- 
proved. The value of 0V enables increase of drivaba- 
ity of the transistor at the active state. 

When substrate bias VBB1 is supplied, that is, at 35 
the standby state, when the gate voltage becomes 
lower than 0.8V, the drain current reduces exponen- 
tially, and when the gate voltage is 0 (off state), the 
current lowers to the lowest level and the NMOS tran- 
sistor is at the cut-off state. Therefore, power con- 40 
sumption can be sufficiently reduced at the standby 
state. 

As the LSI technique has been developed, MOS 
transistors have been miniaturized, and in a 5V sys- 
tem, the gate length is 0.8um, and in a 3V system, the 45 
gate length is 0.5jim. In a 1.5V system which will be 
manufactured in the future, the gate length is expect- 
ed to be 0.15um. However, the threshold voltage at 
the standby state is constant because of the transis- 
tor characteristic, and therefore in the 1.5V system, so 
even when Vth can be reduced to 0.5V, the ratio of the 
threshold voltage Vth with respect to the operating 
voltage will be as high as 33%. Therefore, the method 
of reducing the threshold voltage by changing the 
substrate bias shown in Fig. 4B becomes very effec- 55 
tive. 

Referring to Fig. 5A, the solid line represents the 
Id - V D characteristic when the substrate bias VBB(- 



3V) is supplied, whBe the dotted line represents the 
Id - V D characteristic when the substrate bias 
VBB2(0V) is supplied. From this figure, it can be seen 
that the speed of rise is improved when the substrate 
bias VBB2 is supplied as shown in Fig. 5B. 

The operation of the semiconductor device 
shown in Figs. 1 and 2 will be described with refer- 
ence to Fig. 3. 

In the standby state, since the substrate bias 
VBB1 is supplied to the silicon substrate 1, the 
threshold voltage Vth is 0.8V, and the current supply- 
ing drivability is 100% as in the conventional exam- 
ple. In this state, the silicon substrate 1, the source 
region 2 and the drain region 3 are deeply reverse- 
biased, which can minimize the amount of leak cur- 
rent 

Then the aforementioned control signal CNT is 
applied to the bias selecting circuit 32 for switching 
the NMOS transistor from the standby state to the ac- 
tive state. In response to the control signal CNT, the 
bias selecting circuit 32 selects the substrate bias 
VBB2 instead of the substrate bias VBB1. Conse- 
quently, the reverse- bias between the silicon sub- 
strate 1 and the source region 2, and between the 
substrate and the drain region 3 becomes shallower, 
the threshold voltage Vth attains to 0.2V, the current 
supplying drivability is increased to about 130%, and 
the resistance between the drain region and the 
source region is made smaller. When a positive vol- 
tage is supplied to the gate electrode 5 in this state, 
the channel region is quickly inverted to the N type, 
which increases the speed of operation. 

As the threshold voltage Vth lowers, the amount 
of current increases as shown in Figs. 3 and 5. Name- 
ly, the leak current in the active state is increased to 
10^A (V G = 0V). However, power consumption in the 
active state is not determined by the amount of leak 
current but by the current charging/discharging the 
capacitors of the circuit. Therefore, the increase in 
the power consumption is neglectable. Therefore, by 
changing the substrate bias in the standby state and 
in the active state, the power consumption in the 
standby state can be reduced, and the speed opera- 
tion in the active state can be improved. 

Although an NMOS transistor is used in the em- 
bodiment shown in Figs. 1 to 5, the similar operation 
is done in a PMOS transistor. More specifically, if the 
substrate bias is reduced from 8V to 5V and the 
threshold voltage is changed from 4.2V to 4.8V, the 
drivability of supplying current is improved and the 
speed of operation is increased. This correspond to 
an example in which a supply voltage in the rage of 0 
to 5V is used. If a supply voltage in the rage of -5 to 
0V is used, the change of the substrate bias is 3V to 
0V, and the threshold voltage changes from -0.8V to 
-0.2V. More specifically, in the PMOS transistor, the 
substrate bias changes in the direction of the drain 
bias, as viewed from source bias. The change of the 
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threshold voltage is in the direction of the source bias. 

Fig. 6 is a schematic diagram showing the first 
bias generating circuit shown in Fig. 1. Referring to 
Fig. 6, the first bias generating circuit 30 includes a 
ring oscillator 301 and a charge pump circuit 302. The 
ring oscillator 301 includes a plurality of cascade con- 
nected invertors 303, 304 and 305. The ring oscillator 
301 oscillates when the output is fed back to the input, 
and generates a signal of a prescribed frequency. The 
charge pump circuit 302 includes a driver 306, capac- 
itors 307 and 310, and diodes 308 and 309. The driver 
306 amplifies the signal of a prescribed period from 
the ring oscillator 301 and applies the amplified signal 
to one end of the capacitor 307. When the output from 
the driver 306 lowers from the supply potential to the 
ground potential, the voltage at the other end of the 
capacitor 307 also lowers. When the diode 309 is 
turned on, the discharging path of the capacitor 307 
is cut off, and because of the negative charges dis- 
charged from the capacitor 307, the potential at the 
other end of the capacitor 307 is further lowered, to 
finally reach the negative potential (-Vcc) having the 
same absolute value as the supply potential Vcc. As 
a result, the diode 308 is turned on, and the substrate 
bias VBB1 attains -Vcc + Vth, where Vth is the 
threshold voltage of the diode 308. By providing a 
plurality of diodes 308, the substrate bias VBB1 is 
made to have a desired potential (-3V). 

Fig. 7A and Fig. 7B are schematic diagrams 
showing examples of the second bias generating cir- 
cuit 31 shown in Fig. 1 . Referring to Fig. 7A, the circuit 
differs from that of Fig. 6 in that a diode 313 is added 
to the charge pump circuit 312. As described with ref- 
erence to Fig. 6, the substrate bias VBB2 is made to 
have a desired potential (-1 V to 0V) by increasing the 
number of diodes. 

Referring to Fig. 7B, the substrate bias generat- 
ing circuit 31 includes a ground terminal GND and an 
interconnection 31a connected between the ground 
terminal GND and a substrate bias output terminal 
VBB2. By the substrate bias generating circuit 31 , the 
substrate bias (0V) at the active state can be gener- 
ated by the simplest structure. 

Fig. 8 is a schematic diagram showing an exam- 
ple of the bias selecting circuit 32 shown in Fig. 1 . Re- 
ferring to Fig. 8, the bias selecting circuit 32 includes 
NMOS transistors 321 and 322. The NMOS transistor 
321 has its source connected to receive the substrate 
bias VBB1 , its drain connected to the silicon substrate 
1 together with the drain of the NMOS transistor 322, 
and its gate connected to receive the control sig- 
nal /CNT. The NMOS transistor 322 has its source 
connected to receive the substrate bias VBB2, and its 
gate connected to receive the signal CNT. 

In operation, in the standby state, the control sig- 
nal /CNT is set to the high level, NMOS transistor 321 
is turned on, and the substrate bias VBB1 is supplied 
to the silicon substrate 1. Meanwhile, in the active 



state, the control signal CNT is set to the high level, 
the NMOS transistor 322 is turned on, and the sub- 
strate bias VBB2 is supplied to the silicon substrate 
1 . By this simple structure, the substrate bias applied 

5 to the silicon substrate 1 can be changed. 

In the bias selecting circuit 32 shown in Fig. 8, the 
substrate bias is changed in response to the control 
signal CNT. However, in response to the control sig- 
nal, input signals Din and /Din may be applied to the 

10 gates of the NMOS transistors 321 and 322. 

Fig. 9 is a block diagram of a semiconductor de- 
vice in accordance with another embodiment of the 
present invention. Referring to Fig. 9, the semicon- 
ductor device differs from the semiconductor device 

15 of Fig. 1 in that a CMOS circuit is included in the func- 
tional circuit 110, the third and fourth substrate bias 
circuits 33 and 34 are added, and a bias selecting cir- 
cuit 32* for selecting the substrate bias VBB2 or VBB4 
are provided. Other circuits are the same as those 

20 shown in Fig. 1, and therefore they are denoted by 
the same reference numerals and description thereof 
is not repeated. 

The third bias generating circuit 33 generates a 
substrate bias VBB3 in the standby state of the 

25 PMOS transistor. The substrate bias VBB3 is set at 
such a potential as to set the threshold voltage (Vth) 
of the PMOS transistor at 4.2V. Specifically, it is about 
8V. By making this such a deep reverse bias, the leak 
current in the standby state can be reduced. 

30 The fourth bias generating circuit 34 generates a 

substrate bias VBB4 in the active state of the PMOS 
transistor. The substrate bias VBB4 is determined 
based on the drivabiiity of supplying current in the ac- 
tive state of the PMOS transistor. More specifically, it 

35 is 5V. The drivabiiity of supplying current becomes 
larger when the threshold voltage Vth is smaller. By 
determining the threshold voltage, the gate width and 
the gate length, the current supplying drivabiiity is 
determined. In this embodiment, the substrate bias 

40 VBB4 is set to 5V and the threshold voltage is set to 
4.8V, thus increasing the supplying drivabiiity by 
about 30%. 

Fig. 10 is a cross section of a portion of the sem- 
iconductor device shown in Fig. 9. Fig. 11 is a plan 

45 view showing a portion of the semiconductor device 
shown in Fig. 9. The semiconductor device shown in 
Figs. 10 and 11 constitutes a CMOS circuit including 
an NMOS transistor and a PMOS transistor com- 
bined. Referring to Figs. 10 and 11, the semiconduc- 

50 tor device includes a P well 6 doped with P type im- 
purities of 1 0 16 to 1 0 17 /cm 3 on a silicon substrate 1 , an 
NMOS transistor 11 formed on the P well 6, an N well 
10 doped with N type impurities of 10 16 to 10 17 /cm 3 , 
for example, a PMOS transistor 12 formed on the N 

55 well 1 0, a well terminal 26 to which the substrate bias 
VBB1 or VBB2 is supplied, and a well terminal 27 to 
which the substrate bias VBB3 or VBB4 is supplied. 
The well terminal 26 is connected to the contact hole 
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26* shown in Fig. 11, and the well terminal 27 is con- 
nected to the contact hole 27* shown in Fig. 11. 

Fig. 12 shows changes in the substrate bias (well 
bias), the threshold voltage and the drivability of sup- 
plying current when the semiconductor device shown 5 
in Fig. 9 is switched from the standby state to the ac- 
tive state. 

The operation of the semiconductor device 
shown in Figs. 9 to 1 1 will be described with reference 
to Fig. 12. In the standby state, the well bias VBB1 is w 
supplied to the well terminal 26 and the well bias 
VBB3 is supplied to the well terminal 27, and there- 
fore the threshold voltages Vth are 0.8V and 4.2V, 
and the drivability of supplying current is 100% as in 
the prior art. The P well 6 and the source region 2 and 1 5 
the drain region 3 are in the deeply reverse-biased 
state, and the N well 10 and the source region 8 and 
the drain region 9 are in the deeply reverse-biased 
state. Thus the amount of current can be made very 
small. 20 

Then, in order to activate the CMOS circuit, the 
signal CNT is supplied to the bias selecting circuit 32'. 
In response, the bias selecting circuit 32' selects the 
substrate bias VBB2 instead of the substrate bias 
VBB1 to apply this to the well terminal 6, selects the 25 
substrate bias VBB4 instead of the substrate bias 
VBB3 and applies this to the well terminal 27. Con- 
sequently, the reverse bias between the P well 6 and 
each of the source and drain regions 2 and 3 as well 
as the reverse bias between the N well 10 and each 30 
of the source and drain regions 8 and 9 are made 
shallower. Consequently, the threshold voltages Vth 
are set to 0.2V and 4.8V, the current supplying driv- 
ability is increased to about 1 30%, and the resistance 
between the drain region and the source region is 35 
made smaller. When a positive voltage is supplied to 
the gate electrode 5 in this state, the NMOS transistor 
11 is turned on quickly, and the PMOS transistor 12 
is turned off quickly. Consequently, the speed of op- 
eration is increased. 40 

Fig. 1 3 is a schematic diagram showing an exam- 
ple of the bias selecting circuit 32' shown in Fig. 9. Re- 
ferring to Fig. 13, the bias selecting circuit 32' differs 
from the bias selecting circuit 32 shown in Fig. 8 in 
that an NMOS transistor 323 responsive to the control 45 
signal /CNT for selecting the substrate bias VBB3, 
and an NMOS transistor 324 responsive to the control 
signal CNT for selecting the substrate bias VBB4 are 
added. Other portions are the same as those in Fig. 
8. 50 

Fig. 14 is a cross section showing a further em- 
bodiment of the semiconductor device in accordance 
with the present invention. The semiconductor device 
shown in Fig. 14 has a so called SOI structure. Refer- 
ring to Fig. 14, the semiconductor device includes a 55 
buried insulator layer 14 formed on a silicon substrate 
15, an NMOS transistor 11 formed on the buried in- 
sulator layer 14, and a PMOS transistor 12 formed on 



the buried insulator layer 14. Such an SOI-MOSFET 
is formed by the SIMOX (Separation by Implanted 
Oxygen). More specifically, 2 x 10 18 /cm 2 of oxygen 
ions, for example, are implanted to the silicon sub- 
strate 15 and thereafter it is heat treated at 1300°C 
for 6 hours in Ar atmosphere to provide an SOI sub- 
strate including three layered structure of silicon/sili- 
con oxide film/silicon. The silicon layer 13 is process- 
ed to be islands, and is divided into the NMOS tran- 
sistor 11 and the PMOS transistor 12. In each of the 
NMOS transistor 11 and the PMOS transistor 12, a 
gate electrode 5 is provided with a gate dielectric thin 
film 4 interposed as in the conventional device 
formed on the silicon substrate. In the NMOS transis- 
tor 11, an N channel region 16 doped with P type im- 
purities of 10 16 to 10 17 /cm 3 , for example, is provided 
in the silicon layer 1 3 below the gate electrode 5, and 
the source and drain regions 2 and 3 are provided in 
the similar manner as the prior art on both sides of 
the N channel region 16. 

When the gate voltage is applied to the NMOS 
transistor 11 to activate the transistor, the N channel 
region 16 is completely depleted, and the impurity 
concentration of the N channel region 16 is sup- 
pressed low, as mentioned above. 

In the PMOS transistor 12, the impurity concen- 
tration of the P channel region 17 is made not lower 
than 10 17 /cm 3 , which is higher than the NMOS tran- 
sistor 11, and even when the gate voltage is applied, 
only a portion of the P channel region 17 is depleted. 
Except this, the PMOS transistor has similar struc- 
ture as the NMOS transistor, with the type of impuri- 
ties opposite to that of NMOS transistor. 

In the SOI-MOSFET, the substrate biases VBB1 
and VBB2 are supplied from the rear surface of the 
silicon substrate 1. The substrate bias VBB1 is fixed 
at 0V so as to set the threshold voltage Vth at 0.8V, 
and the potential of the substrate bias VBB2 is 5V so 
as to set the threshold voltage Vth at 0.2V. 

Fig. 15 shows changes in the threshold voltage 
and the drivability of supplying current when the sub- 
strate bias is changed. 

The operation of the semiconductor device 
shown in Fig. 14 will be described with reference to 
Fig. 15. 

The SOI-MOSFET has a MOS structure of silicon 
substrate 15 / buried oxide layer 14 / silicon layer 13, 
as viewed from the side of the silicon substrate 15. In 
other words, MOS structure is formed on both surfac- 
es of the silicon layer 1 3. The operation when the sub- 
strate bias VBB2 (5V) is applied from the silicon sub- 
strate 1 5 changes dependent on whet her the channel 
region is completely depleted or partially depleted 
when the voltage is applied to the gate. When the 
channel region is entirely depleted (in this example, 
NMOS transistor), the capacitors are coupled in ser- 
ies from the buried oxide film 14 to the gate dielectric 
thin film 4 (buried oxide layer 14 / silicon layer 
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13/ gate dielectric thin film 4) (capacitance coupled), 
and the threshold voltages of the MOS transistors 11 
and 12 on the top surface side are changed by the 
substrate bias. The direction of change of the thresh- 
old voltages caused by the substrate bias change is 5 
the same as that of the MOS transistor formed on the 
bulk silicon described above. However, since the bias 
potential is supplied to the semiconductor layer 13 
through the thick buried oxide layer 14, the change 
becomes smaller. w 

Let us assume that the channel region is partially 
depleted, that is, the case of the PMOS transistor. 
The potential of the channel region which is not de- 
pleted is fixed at the potential of the source region 8. 
Therefore, such a capacitance coupling as occurred 15 
when it is fully depleted is not generated. Therefore, 
the threshold voltage of the MOS on the surface is 
not influenced by the normal back gate bias. 

In the standby state, the back gate bias VBB1 
(substrate bias) is fixed at 0V, and the threshold value 20 
is set to suppress current in this state. Thus power 
consumption can be reduced. 

When the back gate bias is increased from VBB1 
to VBB2 (5V) in order to activate the device from the 
standby state, the threshold value of the NMOS tran- 25 
sistor 11 decreases from 0.8V to 0.2V, and hence the 
drivability of supplying current is increased. By this in- 
crease of current, the circuit can operate at higher 
speed. In the PMOS transistor 12, the channel region 
is partially depleted, and therefore there is no effect 30 
of back gate bias, and the threshold value and the 
drivability of supplying current are not changed. 

The PMOS transistor 12 is depleted partially so 
that it is not influence by the back gate bias, since if 
the NMOS transistor and the PMOS transistor are 35 
both fully depleted to be subjected to the back gate 
bias effect in the SOI-MOSFET, the effects increas- 
ing current is reversed in the NMOS transistor and the 
PMOS transistor. That is, if the back gate bias is ap- 
plied to increase the current in the NMOS transistor, 40 
the drivability of supplying current in the PMOS tran- 
sistor is reduced. 

In the embodiment shown in Figs. 14 and 15, the 
NMOS transistor is fully depleted and the PMOS tran- 
sistor is partially depleted. However, the reverse com- 45 
bination may be available, dependent on the circuit 
structure. However, if the reverse structure is used, 
the back gate bias (substrate bias) must be changed 
in the negative direction, that is, from 5V to 0V, for ex- 
ample. 50 

Fig. 16 is a cross section showing a further em- 
bodiment of the semiconductor device in accordance 
with the present invention, and Fig. 17 is a plan view 
of the semiconductor device shown in Fig. 16. In the 
semiconductor device shown in Figs. 16 and 17, the 55 
NMOS transistor and the PMOS transistor are both 
fully depleted. 

The semiconductor device differs from the semi- 



conductor device shown in Fig. 14 in that an NMOS 
second gate 1 8 and a PMOS second gate 1 9 are pro- 
vided in the buried oxide film layer. The NMOS sec- 
ond gate 18 is provided below the silicon layer 13 of 
the NMOS transistor 11, and the PMOS second gate 
19 is provided below the PMOS transistor 12. 

Referring to Fig. 17, on the silicon layer 13, a sub- 
strate terminal 28 for receiving substrate biases 
VBB1 and VBB2 and a substrate terminal 29 for re- 
ceiving mutually complementary substrate biases 
VBB1 and VBB2 are provided. The potentials of the 
substrate biases VBB1 and VBB2 are the same as in 
the embodiment of Fig. 14 (0V, 5V). 

Fig. 18 shows changes in the threshold voltage 
and the drivability of supplying current when the sub- 
strate bias is changed. 

Referring to Fig. 18, the operation of the semi- 
conductor device shown in Figs. 16 and 17 will be de- 
scribed. 

In the standby state, the substrate bias VBB1 
(0V) is supplied to the NMOS second gate 1 8 and the 
substrate bias VBB2 (5V) is supplied to the PMOS 
second gate 19 in the standby state. By the applica- 
tion of the substrate biases, the threshold voltage Vth 
of the NMOS transistor 11 attains 0.8V, and the 
threshold voltage Vth of the PMOS transistor 12 at- 
tains 4.2V, resulting in a deep reverse bias. The op- 
eration so far is the same as that of the embodiment 
shown in Fig. 14. 

When the device is switched from the standby 
state to the active state, the substrate bias VBB2 is 
supplied to the NMOS second gate 18, while the sub- 
strate bias VBB1 is supplied to the PMOS second 
gate 19. By the application of the substrate biases, 
the threshold voltage of the NMOS transistor 11 at- 
tains 0.2V, while the threshold voltage of the PMOS 
transistor 12 attains 4.8V. Thus the drivability of sup- 
plying current in the MOS transistors 11 and 12 is in- 
creased to about 130%, and consequently, the speed 
of operation of the CMOS circuit can be increased. 

Fig. 19 shows steps for manufacturing the SOI 
structure shown in Fig. 16. In Fig. 19(a), a silicon ox- 
ide film is formed on the silicon substrate 15, and 
thereafter a polysilicon layer as the second gates 18 
and 19 are formed by sputtering or the like. 

Then, referring to Fig. 19(b), an oxide film is de- 
posited, and thereafter the silicon oxide film is ground 
by a prescribed t hickness (to t he dotted line in t he fig- 
ure). 

Then, referring to Fig. 19(c), the silicon layer 40 
is deposited. 

Although silicon was used for the semiconductor 
in the embodiments shown in Figs. 1 to 19, other sem- 
iconductor material such as germanium Ge or gallium 
arsenide GaAs may be used. 

Although the present invention has been descri- 
bed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example 
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only and is not to be taken by way of limitation, the 
spirit and scope of the present invention being limited 
only by the terms of the appended claims. 



Claims 

1 . A semiconductor device comprising: 

a semiconductor substrate: 

an MOS transistor on said substrate and 10 
operative selectively in active and standby states; 
and 

substrate bias potential generating means 
responsive to a control signal designating opera- 
tion of the transistor (i) in the standby state for ap- 15 
plying to said substrate a bias potential of a mag- 
nitude selected to minimize leak current of the 
transistor, and (ii) in the active state for applying 
to said substrate a bias potential of a magnitude 
selected to maximize drivability of the transistor. 20 

2. The semiconductor device according to claim 1, 
wherein 

said substrate bias generating means in- 
cludes: 25 

first bias voltage generating means for 
generating a first bias potential of a magnitude 
selected to minimize leak current of the transistor 
at the standby state, and 

second bias potential generating means 30 
for generating a second bias potential of a mag- 
nitude selected to maximize drivability of the tran- 
sistor at the active state. 

3. The semiconductor device according to claim 2, 35 
wherein 

said substrate bias potential generating 
means includes selecting means responsive to a 
control signal for designating operation of the 
transistor for selecting either said first bias poten- 40 
tial generating means or said second bias poten- 
tial generating means. 

4. The semiconductor device according to claim 2, 
wherein 45 

said bias potential generating means in- 
cludes first setting means for setting said first 
bias potential at a value minimizing leak current 
of the transistor at the standby state. 

50 

5. The semiconductor device according to claim 2, 
wherein 

said transistor operates receiving first and 
second operating potentials; and 

said second bias potential generating 55 
means includes second setting means for setting 
said second operating potential at a value maxi- 
mizing drivability of the transistor at the active 



state. 

6. The semiconductor device according to claim 4, 
wherein 

said first setting means includes 
oscillating means for generating a signal of 
a predetermined frequency, and 

converting means for converting the sig- 
nal generated by said oscillating means to said 
first bias potential. 

7. The semiconductor device according to claim 3, 
wherein 

said selecting means includes 
first switching means connected between 
a substrate terminal of the transistor and said first 
bias potential generating means and turning on in 
response to a control signal for setting said tran- 
sistor to the standby state; and 

second switching means connected be- 
tween the substrate terminal of the transistor and 
said second bias potential generating means and 
turning on in response to a control signal for set- 
ting said transistor to the active state. 

8. A semiconductor device comprising: 

a semiconductor substrate; 

an MOS transistor on said substrate, re- 
ceiving first and second operating potentials and 
operative selectively in active and standby states; 
and 

substrate bias potential generating means 
responsive to a control signal designating opera- 
tion of the transistor (i) in the potential (Vbb) and 
(ii) in the active state for applying to said sub- 
strate the second operating potential. 

9. The semiconductor device according to claim 8, 
wherein 

said substrate bias potential generating 
means includes first bias potential generating 
means for generating said back bias potential at 
the standby state. 

10. The semiconductor device according to claim 9, 
wherein 

said substrate bias potential generating 
means includes selecting means responsive to a 
control signal for designating operation of the 
transistor for selecting either said back bias po- 
tential generated by said first bias potential gen- 
erating means or said second operating potential. 

11. The semiconductor device according to claim 9, 
wherein 

said first bias potential generating means 
includes setting means for setting said back bias 
potential at a potential of a magnitude selected to 



11 



21 



EP 0 564 204 A2 



22 



minimise leak current of the transistor. 

12. A semiconductor device comprising: 

a semiconductor substrate; 

an MOS transistor on said substrate, re- 5 
cerving first and second operating potentials and 
operative selectively in active and standby states; 
and 

substrate bias potential generating means 
responsive to a control signal designating opera- 10 
tion of t h e transistor (i) in t he standby state for ap- 
plying to said substrate a bias potential (Vbb) of 
a magnitude selected to minimise leak current of 
the transistor, and (ii) in the active state for apply- 
ing to said substrate the second operating poten- 15 
tial. 

1 3. The semiconductor device according to claim 12, 
wherein 

said substrate bias potential generating 20 
means includes first bias potential generating 
means for generating a first bias potential of a 
magnitude selected to minimise leak current of 
the transistor at the standby state. 

25 

14. The semiconductor device according to claim 13, 
wherein 

said substrate bias potential generating 
means includes selecting means responsive to a 
control signal for designating operation of the 30 
transistor for selecting either said first bias poten- 
tial or said second operating potential. 

15. The semiconductor device according to claim 13, 
wherein 35 

said bias potential generating means in- 
cludes setting means for setting the first bias po- 
tential at a value minimizing leak current of the 
transistor at the standby state. 

40 

16. A semiconductor device comprising: 

a semiconductor substrate; 

an MOS transistor on said substrate, re- 
ceiving first and second operating potentials and 
operative selectively in active and standby states; 45 
and 

substrate bias potential generating means 
responsive to a control signal designating opera- 
tion of t he transistor (i) in t he standby state for ap- 
plying to said substrate a bias potential (Vbb) of so 
a magnitude selected to minimise power con- 
sumption defined by (a) power consumption of 
the substrate bias potential generating means 
when the transistor is activated and in the stand- 
by state, and (b) power comnsumption as a result 55 
of leakage current of the transistor, and (ii) in the 
active state for applying to said substrate the sec- 
ond operating potential. 



17. The semiconductor device according to daim 16, 
wherein 

said substrate bias potential generating 
means includes first bias potential generating 
means for generating said bias potential for min- 
imising power consumption at the standby state. 

18. The semiconductor device according to claim 17, 
wherein 

said substrate bias generating means in- 
cludes selecting means responsive to a control 
signal for designating operation of the transistor 
for selecting either said first bias potential or said 
second operating potential. 

1 9. The semiconductor device according to claim 1 7, 
wherein 

said first bias potential generating means 
includes setting means for setting said first bias 
potential to a value minimising leak current of the 
transistor at the standby state. 

20. The semiconductor device according to any one 
of claims 1, 8, 12 or 16, wherein 

said MOS transistor includes a first MOS 
transistor of a certain conductivity type and a sec- 
ond MOS transistor of a conductivity type oppo- 
site to said certain conductivity type; and 

said first MOS transistor and said second 
MOS transistor receive the first and second op- 
erating potentials and turn on/off complementar- 

Hy. 

21. The semiconductor device according to claim 20, 
wherein 

said first operating potential is the supply 
voltage and said second operating potential is the 
ground potential. 

22. The semiconductor device according to claim 20, 
wherein 

said first MOS transistor includes a first 
substrate terminal receiving a bias potential of a 
magnitude to minimise leak current at the stand- 
by state and receiving said second operating po- 
tential at the active state. 

23. The semiconductor device according to claim 20, 
wherein 

said MOS transistor includes a second 
substrate terminal receiving a bias potential of a 
magnitude selected to minimise leak current at 
the standby state and receiving said first operat- 
ing potential at the active state. 

24. The semiconductor device according to any one 
of claims 1, 8, 12 or 16 wherein 

said MOS transistor includes a transistor 
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having a semiconductor layer on an insulating 
layer. 

25. The semiconductor device according to claim 24, 
wherein 

said transistor having a semiconductor 
layer formed on the insulating layer includes a 
backgate provided at a position corresponding to 
a gate electrode in said insulating layer for receiv- 
ing a bias potential of a magnitude selected to 
minimize leak current of the transistor at the 
standby state and receiving a bias potential of a 
magnitude selected to maximize drivability of the 
transistor at the active state. 

26. A semiconductor device including a semiconduc- 
tor substrate (1) and an internal circuit (110) in- 
cluding a MOS transistor formed on said semi- 
conductor substrate (1), comprising: 

means (30) for generating a first bias vol- 
tage (VBBi) for minimizing a magnitude of teak 
current in an inactive state of said MOS transis- 
tor; 

means (31) for generating a second bias 
voltage (VBB2) for maximizing drivability of sup- 
plying current in an active state of said MOS tran- 
sistor with the bias made shallower than said first 
bias voltage (VBB1); and 

means (32) responsive to a signal (CNT) 
for rendering active said MOS transistor for sup- 
plying said second bias voltage (VBB2) instead of 
said first bias voltage (VBB1 ) to said semiconduc- 
tor substrate (1). 

27. The semiconductor device according to claim 26, 
wherein 

said amount of leak current is determined 
based on a relation between drain current and 
threshold voltage of said MOS transistor in an in- 
active state, 

said first bias voltage (VBB1) is deter- 
mined to be a potential which makes the thresh- 
old voltage of said MOS transistor be the thresh- 
old voltage in said inactive state, and 

said second bias voltage (VBB2) is deter- 
mined based on a relation between the drain cur- 
rent and the threshold voltage of said MOS tran- 
sistor in the active state. 

28. The semiconductor device according to claim 26, 
wherein 

said means (30, 31) for generating first 
and second bias voltages each include oscillating 
means (301 , 31 1) for generating a signal of a pre- 
determined frequency, and converting means 
(302, 312) for converting the signal generated by 
said ring oscillator (30, 31) to a predetermined 
negative DC voltage. 



29. The semiconductor device according to claim 26, 
wherein 

said MOS transistor includes a substrate 
terminal, and 

5 said bias supplying means (32) includes 

first switching means (321) connected be- 
tween said substrate terminal and said means 

(30) for generating a first bias voltage (VBB1) and 
turning on in response to a signal for rendering in- 
to active said MOS transistor, and 

second switching means (322) connected 
between said substrate terminal and said means 

(31) for generating a second bias voltage (VBB2) 
and turning on in response to a signal for render- 
is ing active said MOS transistor. 

30. A semiconductor device including a semiconduc- 
tor substrate (1) and a CMOS circuit including a 
MOS transistor (11) of a first conductivity type 

20 and a MOS transistor (1 2) of a second conductiv- 
ity type formed on said semiconductor substrate 
(1), comprising: 

means (30) for generating a first bias vol- 
tage (VBB1) for minimizing a magnitude of leak 
25 current of said MOS transistor (11) of the first 
conductivity type in an inactive state; 

means (33) for generating a third bias vol- 
tage (VBB3) for minimizing a magnitude of leak 
current of said MOS transistor of the second con- 
30 ductivity in an inactive state; 

means (31) for generating a second bias 
voltage (VBB2) for maximizing drivability of sup- 
plying current of said MOS transistor (11) of the 
first conductivity type in an active state with the 
35 bias made shallower than said first bias voltage 

(VBB1); 

means for generating afourth bias voltage 
(VBB4) for maximizing drivability of supplying 
current of said MOS transistor (12) of the second 
40 conductivity type in t he active state, wit h t he bias 
made shallower than said third bias voltage 
(VBB3); and 

means (32) responsive to a signal for acti- 
vating said CMOS circuit for supplying said sec- 
45 ond bias voltage (VBB2) to a well region (6) of 
said MOS transistor (11) of the first conductivity 
type instead of said first bias voltage (VBB1), and 
for supplying said fourth bias voltage (VBB4) to 
a well region (10) of said MOS transistor (12) of 
so the second conductivity type instead of said third 
bias voltage (VBB3). 

31. The semiconductor device according to claim 30, 
wherein 

55 said MOS transistor (11) of the first con- 

ductivity type is an N channel MOS transistor, 
and said MOS transistor (12) of the second con- 
ductivity type is a P channel MOS transistor, 
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said first bias voltage (VBB1) is deter- 
mined based on a relation between drain current 
and threshold voltage of said N channel MOS 
transistor (11) in the inactive state; 

said second bias voltage (VBB2) is deter- 
mined based on a relation between the drain cur- 
rent and the threshold voltage of said N channel 
MOS transistor (11) in the active state; 

said third bias voltage (VBB3) is deter- 
mined based on a relation between drain current 
and threshold voltage of said P channel MOS 
transistor (12) in the inactive state; and 

said fourth bias voltage (VDD4) is deter- 
mined based on a relation between the drain cur- 
rent and the threshold voltage of said P channel 
transistor (12) in the active state. 

32. The semiconductor device according to claim 30, 
wherein 

said bias supplying means includes 
first switching means (32) connected be- 
tween the well region (6) of said MOS transistor 

(11) of the first conductivity type and said means 
(30) for generating the first bias voltage (VBB1) 
and turning on in response to a signal (/CNT) for 
inactivating said CMOS circuit, 

second switching means (322) connected 
between the well region (6) of said MOS transis- 
tor (11) of the first conductivity type and said 
means (31) for generating the second bias vol- 
tage (VBB2) and turning on in response to a sig- 
nal for activating (CNT) said CMOS circuit, 

third switching means (323) connected be- 
tween the well region (10) of said MOS transistor 

(12) of the second conductivity type and said 
means (33) for generating the third bias voltage 
(VBB3) and turning on in response to a signal 
(/CNT) for inactivating said CMOS circuit, and 

fourth switching means (324) connected 
between the well region (10) of said MOS transis- 
tor (12) of the second conductivity type and said 
means (34) for generating fourth bias voltage 
(VBB4) and turning on in response to a signal 
(CNT) for activating said CMOS circuit. 

33. A semiconductor device including a semiconduc- 
tor substrate (1), a buried insulator layer (14) 
formed on said semiconductor substrate (1), a 
semiconductor layer (13) formed on said buried 
insulator layer (14) and an internal circuit includ- 
ing a MOS transistor (11, 12) formed on said sem- 
iconductor layer (13), comprising: 

means (30) for generating a first bias vol- 
tage (VBB1) for minimizing a magnitude of leak 
current of said MOS transistor (11, 12) in an inac- 
tive state; 

means (30) for generating a second bias 
voltage (VBB1) for maximizing current supplying 



drivability of said MOS transistor (11, 12) in an ac- 
tive state with the bias made shallower than said 
first bias voltage (VBB1); and 

means (32) responsive to a signal (CNT) 
5 for activating said MOS transistor (11, 12) for sup- 

plying said second bias voltage (VBB2) to said 
semiconductor substrate (1) instead of said first 
bias voltage (VBB1). 

w 34. A semiconductor device including a semiconduc- 
tor substrate (1), a buried insulator layer (14) 
formed on said semiconductor substrate (1), a 
semiconductor layer (13) formed on said buried 
insulator layer (14), and a CMOS circuit including 

15 a MOS transistor (11) of a first conductivity type 

and a MOS transistor (12) of a second conductiv- 
ity type formed on said semiconductor layer (13), 
comprising: 

first region (18) provided in said buried in- 

20 sulator layer (14) below said MOS transistor (11) 

of the first conductivity type; 

a second region (19) provided in said bur- 
ied insulator layer (14) below said MOS transistor 
(12) of the second conductivity type; 

25 means (30) for generating a first bias vol- 

tage (VBB1) for determining an amount of leak 
current of said MOS transistor (11) of the first 
conductivity type in an inactive state; 

means (33) for generating a third bias vol- 

30 tage (VBB3) for determining an amount of leak 

current of said MOS transistor (12) of the second 
conductivity type in an inactive state; 

means (31) for generating a second bias 
voltage (VBB2) for determining drivability of sup- 

35 plying current of said MOS transistor (11) of the 

first conductivity type in the active state with the 
bias made shallower than said first bias voltage; 

means (34) for generating a fourth bias 
voltage (VBB4) for determining drivability of driv- 

40 ing current of said MOS transistor (1 2) of the sec- 

ond conductivity type in the active state with the 
bias made shallower than said third bias voltage 
(VBB4); and 

means (32) responsive to a signal (CNT) 

45 for activating said CMOS circuit for supplying said 
second bias voltage (VBB2) to said first region 
(16) instead of said first bias voltage (VBB1) and 
for supplying said fourth bias voltage (VBB4) to 
said second region instead (19) of said third bias 

50 voltage (VBB3). 
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